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MALARIA VACCINE TRIAL SITE 211

MATERIALS AND METHODS level normal as determined by G-6-PD deficien-
cy screen (Sigma, St. Louis. MO) to prevent the

Study site administration of primaquin, to G-G-PD--defi-
cient volunteers. The study was described at a

The study was performed in the village of village meeting to Arso PIR I residents who
Arso PIR 1, Trian Jaya, Indonesia. Arso PrR I isArse of 22 geriaJayaIndonstrtes villagers Ps mak were then invited to volunteer. Participation in
one of 2? government-constructed villages mak- the study was strictly voluntary, informed con-
ing up a community of approximately 25,000 sent was obtained after each volunteer was ad-
persons covering apprrnately 600 kmn2. This vised of possible adverse affects and the right to
village (140°47'E. 2°56'S. elevation < 55 meters) leave the study at any time.
is located 60 km south of Jayapura. the provin-
cial capital. and has a population of approxi-
mately 1.000 persons composed of approximate- Stud~y design

ly equal numbers of 1) persons native to Ifian Since the incidence rate of malaria transmis-
Java who have been exposed to significant levels sion was not characterized in Arso PIR I prior
of malaria transmission all their lives and 2) per- to these studies, there were no figures upon
sons native to Java who transmigrated to Arso which to base rationally sample size calcula-
PIR 1 2.5 years prior to the beginning of the tions. We therefore recruited into the study as
study and who experienced very little or no ex- many %:6lunteers as logistics permitted. The two
posure to malaria transmission prior to their ar- populations were evaluated and followed pro-
rival in Irian Jaya.'-' Malaria transmission in spectively as fixed cohorts, one during May
Arso PIR I has previously been characterized as through October (low transmission season) and
holoendemic or hyperendemic depending on the the other during January through April (high
categorizing standard used.' Point prevalence transmission season). The number of subjects
surveys for parasitemias in adults were per- completing different phases of the study is

formed at the start of each of these studies. At shown in Table I. The studies were terminated

the beginning of the low transmission season, during each.of the two seasons when both pop-
the prevalence of all malaria in 2-9-year-old ulations reached approximately 50% positive.
children (n = 16) was 63% (P. fialciparum 50%. This required 20 weeks during the low trans-
P. vira.r 13%). while at the start of the high mission season study and 12 weeks during the
tran.inission season, the prevalence of all ma- high transmission season study. The subjects
lara among 2-9-year-old children (n = 116) were tested weekly for parasites by blood film
was 45% (P. falciparwn 27%. P. vivax 18%). examination.
The prevalence values for adults were low trans-
mission season: all malaria 32% (P. falciparwn
23%. P. vivax 9%): high transmission season: all Treatment and surveillance
malaria 33% (P. fahkiparun 20%. P. viva.r Once enrolled, the subjects were radically
13'%). cured of malaria with quinine sulfate (600 mg

three times a day for three days), doxycycline
Study population (100 mg twice a day for seven days), and pri-

maquinie (15 mg once a day for 14 days). Con-
The study protocol was approved by officials sumption of medication was observed by a re-

of the National Institutes of Health Research and search 'team, member. After the drug regimen
Development of the Republic of Indonesia and was comnpleted, blood films were taken weekly
the Protection of Human Subjects Committee at from each subject until the subject had a blood
the U.S. Naval Medical Research Unit No. 2 De- film positive for P. falciparum or until study
"tachment in Jakarta. Inclusion factors for vol- completion. Blood films were stained with
untary admission into the study were 1) males Giemsa and 200 high-magnification fields
. 15 years of age (doxycycline should not be (1.000X) were viewed. Subjects positive for ma-

* given to pregnant women due to the effects of laria parasites were referred to the local health
the drug on developing teeth and bone). 2) full- facility: for treatment. Subjects who became pos-
time residency in Arso PIR I. and 3) a normal itive for blood-stage parasites during the first

- _ glucose-6-phosphate dehydrogenase (G-6-PD) two weeks after the completion of the drug reg-"Z - I'
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TABLE 3 The Irianese had significantly different attack
Atack raid for Plasmnodium ta1ciparm during bouh rates during the two seasons in contrast to those

tranigiss ot 3easorts presen ted as annual raresfor seen in! the transmigrants (Table 5). During the
ease ofcwnparison (number ofcases perperson per
.. ar) low transmission season. 50% of the trnsmi

grants wc.e parasite positive by week 10. 43%
-L..w uh14mxion High .tnsrnla of the Irianese were positive by week 17. During

the high transmission season. 50% of the trrns.
Transmigrants 1.89 3.04

2 .. riansr ns 1.19 73.4 migrants were positive by week 6 and 50M of: Irianese 1.14 2.7/3

All 1.56 2.91 the I-ianese were positive by week 9 (Figure 1).

Incidence density

ative risk) were calculated according to Roth-maci. Etimtionof owe (I- ~3 an saple Incidence density data are shown in Table 6.inan'. Estimation of power (I - [0) and sample

sizes were determined as described by Browner During the low transmission season, an inci-

and others.' dence density of 4.81 P. falciporum cases per
100 person-weeks was calculated. The incidence
density, for transmigrants alone was 6.46 cases

RESULTS per 100 person-weeks as compared with 3.09
Ssdv popilailii cases per 100 Irianese person-weeks. The esti-

1,a(ed relative risk during this 20-week period
The mean ages of the subjects completing the was 2.09 (95% confidence interval 1.28. 3.43).

study are show in Table 2. During the high transmission season. 8.49 cases
of P. falcipar;-mn malaria occurred per 100 per-

,. nak ruts son-weeks; the rate was 8.92 for transmigrants
and 7.92 for the Irianese subjects. The estimated

The attack rates for P.falciparwn during both relative risk for the trunsmigrants during this 12-
transmission seasons are presented in Table 3 au. week period was 1.13 (95% confidence interval
annual rates for ease of comparison (number of 0.72. 1.77). There was a significant difference
cas-es per person per year). between the trans-migrant and hianese incidence

Analysis of the attack rates (Table 4) revealed densities during the low transmission season but
a statistical difference between transmigrants not during the high transmission season (Table
and Irianese during the low transmission season 7).
but not during the period of high transmission.
During the low transmission season, the trans-
migrants were at approximately 1.65 times the
risk of becoming P. falciparunr blood-stage pos- Collections made at the beginning of the low
itive; the 95% confidence interval indicates that and high transmission seasons indicated that
the true relative risk was between 1.1 7 and 2.34. Anophe'ls koliensis was the predominant vector
Both ethnic groups had higher attack rates after (98.8% and..98.5% of the anopheline catch, re-
12 weeks in the high transmission season than spectix\ely). Entomologic findings are presented
during the low transmission season (Table 5). in Table 8.

TABLE 4

". of attack rates: 'omilparls(n of franls.mi.nrats %vith irianese during 14th trwsnsstission seasons

"Tlafmmlgrants" Hoanest p* RR: CONAi&iM hfif•al I - Pg

LTSI[ 48/66(73) 22/30(44) 0.003 1.65 (1,17. 2.34) 85%
HTS# 43/61 f 70) 29/46(63) 0.545 1.12 (0.85. 1.47) 8%

Val"$~ P,et~d folciptowfM C 1%ev.ine cgrPWJ 4 r)
M* cI.-,4UUe .1igh tonfIAnull.) con"cufmn (oc1g.

I RE I- RIolstiv f141k.
SPtuohb..lhy or dht¢cins a tel differme bot•ev Of Oo- t I imuj.
I LTS - low mlmltllo sew'n. 20,week rollo-.up.
U HTS a high uWSmI$Ion mi'ofi. 12.tel. follo.-up.
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TADLs 6
Incidence density data

LTSO HIS'

TMnMlMma" 1148"Na Trw^Wmvvuas kilme.

Person-weeks 743 713 482 366
"Pf cases$ 48 22 43 29
ID§ 6.46 3.09 8.92 7.92

* LTZ " low vam. "si kmnion.
ii.. * FITS - hIdh anmm.aoW mawon.• .* lf - Mad.m'am/049/8nm.: t- PiAL.b4~ui.

ID - I, ideme dc.qy. ca.dIOO petan-wd.

life-long exposure to malaria, the other half are increase in risk of becoming parasitemic (point
effectively naive.'" estimate of risk = 109%). Long-term exposure

The most important determination required to malaria induces a level of protective immu-
for planning a vaccine trial is the rate at which nity. This analysis condenses to a measure of
the infection-specific outcome variable occurs relative risk the amount of risk experienced by
in exposed persons. In this study, development the nonimmune transmigrants compared with
of patent parasitemia was the malaria-specific the semi-immune Irianese.
outcome variable. The occurrence of this out- Another way to interpret these incidence den-
come is usually presented as an incidence or sity data is to calculate the mean time until onser
attack rate. the number of new cases of infec- of P. fakiparuin parasitemia (the inverse of the
tion occurring in the population during a spec- rate).' During the low transmission season, for
ified time. In this study. both the attack rate and example. the mean time until onset is 15 weeks
incidence density figures showed significant for the transmigrants and 32 weeks for the lri-
levels of difference between the two popula- anese. This difference, as with the relative risk.
tions during the low transmission season. Dur- is reflective of the effect of long-term exposure
ing the high transmission season, the power to P. faciparunt transmission.
calculations indicate that the sample sizes did Exclusion criteria exercised at the time of data
not provide sufficient power to resolve easily a calculation eliminated those subjects who had
difference between the two groups. When the greatest degree of failure to comply. The re-
transmission pressure was evaluated by inci- maining subject groups had failure percentages
dence density, a difference between the trans- of 2.1 % to 12.8%. Evaluation of the data based
migrant and Irianese rates was found in the low on person-weeks rather than attack rates ac-
transmission season study. A determination of counts for these lost slides (lost observations)
relative risk based on the attack rates indicates because the rate is not based on number of cases
that the transmigrants had at least a 17% great- per population per time period but rather number
er risk than the irianese to develop P. falcipa- of cases per person-week. A person-week is rep-
ruin parasitemia during the low transmission resented by a slide, positive or negative, and in
season (point estimate of risk = 65%). When theory. the likelihood of any given slide being
incidence density data were used in the same positive within any group is the same. While this
analysis, the transmigrants had at least a 28% method eliminates the effect of lost slides, it

TAsL! 7
Analysis of incidence densities: comparison of transmigrants with Irfanese during both transmission seasons

Rat
Tnmawmldafm* Ideanmm Pt IM CoMG"W khonva

LTS§ 48/743 22/713 0.004 2.09 (1.28. 3.43)
HTSI 43/482 29/366 0.695 1.13 (0,72. 1,77)

* Valum wet Pm ufJmlJepn mpen-we.kL
,.. :...: t -aqmae nhh coAnlmily c~1" floor.

",I: RR m- mhliv rik.
S'- I LTS - hm w onaulas mmon.

a. ImHs - l mwo,•o• sm.



MALARIA VACCINE TRIAL SITE 217

* one, and we are forced to accept the null hy- Disclaimer~ The opinions and assertions expressed
pothesis (there is no difference between the pta- herein Are those Of the authors and ntic to be conistied
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